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(57) ABSTRACT

A mounting assembly 1s provided for coupling a monitoring
device to a valve assembly for relieving vacuum and over
pressure conditions in a storage container. The valve assem-
bly 1ncludes a body including a first port adapted to be 1n
fluid communication with the storage container and a {first
valve seat disposed in the body, and a first control assembly
including a first valve stem and a first closure element
coupled to the first valve stem, the first closure member
being movable relative to the first valve seat in response to
changes in pressure in the container. The mounting assembly
includes a mounting bracket adapted to be coupled to a
portion of the body and a mounting tube configured to be
slidably coupled to the mounting bracket. The mounting
tube 1s adapted to receive the monitoring device, which 1s
configured to obtain data indicative of the operation of the
valve assembly.
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PRESSURE VACUUM RELIEF VALVE
PROVIDING MONITORING CAPABILITIES

FIELD OF TH.

L1

DISCLOSURE

The present disclosure 1s directed to pressure vacuum
relietf valves and, more particularly, a pressure vacuum relief
valve that provides monitoring capabilities.

BACKGROUND

Storage containers, such as storage tanks, vessels, con-
duits, and the like, can be utilized to store various fluids
(e.g., o1l, gas, etc.). The mternal vapor pressure of these
storage containers may vary based on various factors, such
as, for example, the amount of fluid 1n the storage container,
the temperature of the fluid in the storage container, the
volatility of the fluid in the storage tank, and the temperature
outside the storage container. Pressures above or below
certain thresholds may, however, damage the storage con-
tainer. For example, positive pressures or vacuum Over-
pressures may cause the storage container to collapse. Pres-
sures above certain thresholds can also lead to excess
emissions and product loss, while pressures below certain
thresholds can compromise the quality of the flmd stored in
the container (as this increases the likelihood that contami-
nants will be pulled 1n from the atmosphere).

Pressure vacuum relietf valves, which are also known as
breather vents, tank vents, and pressure vacuum release
vents, can be installed on a storage container to relieve
undesirably high or undesirably low pressures 1n the storage
container that can occur as a result of any the above-noted
factors. Pressure vacuum relief valves are, however, diflicult
to monitor because they are often installed on top of storage
containers. As such, it can be diflicult to assess whether a
pressure vacuum relief valve, when installed on a storage
container, 1s the appropriate size for that storage container
and 1s operating properly. An incorrectly sized pressure
vacuum relief valve will tend to be overactive (e.g., opening
when 1t does not need to, opening and closing more ire-
quently than necessary), and will likely wear out prema-
turely. An overactive pressure vacuum reliel valve 1s also
more likely to produce vapor emissions causing product loss
and/or emissions that are odorous, explosive, and/or toxic,
which are undesirable 1n view of various environmental
regulations and may be potentially harmitul to operators and
other equipment.

SUMMARY

In accordance with a first exemplary aspect, a valve
assembly 1s provided. The valve assembly 1s adapted to be
coupled to a storage container to relieve vacuum and over
pressure conditions 1n the storage container. The wvalve
assembly includes a body having a first port, a second port,
and a third port, the first port adapted to be in fluid
communication with the storage container. The body
includes a first valve seat disposed adjacent the second port.
The valve assembly includes a first control assembly includ-
ing a first valve stem and a first closure element coupled to
the first valve stem. The first closure member 1s movable
relative to the first valve seat 1n response to changes in
pressure 1n the container. The valve assembly also includes
a mounting bracket coupled to a portion of the body. The
mounting bracket has a body and an aperture extending
through the body. The valve assembly further includes a
monitoring device disposed within the aperture of the
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mounting bracket and proximate to a portion of the first
control assembly. The monitoring device 1s configured to
obtain data indicative of the operation of the valve assembly.

In accordance with a second exemplary aspect, a valve
assembly 1s provided. The valve assembly 1s adapted to be
coupled to a storage container to relieve vacuum and over
pressure conditions in the storage container. The valve
assembly includes a body having a first port, a second port,
and a third port, the first port adapted to be in fluid
communication with the storage container, the second port
adapted to be 1n fluid communication with the atmosphere or
an outlet connection, the third port adapted to be 1n fluid
communication with the atmosphere, the body including a
first valve seat disposed adjacent the second port and a
second valve seat adjacent the third port. The valve assem-
bly also includes first and second control assemblies. The
first control assembly 1ncludes a first valve stem and a first
closure element coupled to the first valve stem, the first
closure member being movable relative to the first valve seat
to relieve over pressure 1n the storage container. The second
control assembly 1includes a second valve stem and a second
closure member coupled to the second valve stem, the
second closure member being movable relative to the second
valve seat to relieve a vacuum pressure in the storage
container. The valve assembly also includes a mounting
bracket coupled to a portion of the body, the mounting
bracket having a body and an aperture extending through the
body. The valve assembly further includes a monitoring
device slidably disposed within the aperture of the mounting
bracket and proximate to a portion of the first or second
control assembly, the monitoring device being configured to
obtain data indicative of the operation of the valve assembly.

In accordance with a third exemplary aspect, a mounting
assembly 1s provided. The mounting assembly 1s for use 1n
operably coupling a monitoring device to a valve assembly
adapted to be coupled to a storage container to relieve
vacuum and over pressure conditions in the storage con-
tainer. The mounting assembly includes a mounting bracket
adapted to be coupled to a portion of a body of the valve
assembly, the mounting bracket having a body and an
aperture extending through the body. The mounting assem-
bly also includes a mounting tube configured to be slidably
disposed within the aperture of the mounting bracket, the
mounting tube adapted to receirve a monitoring device. The
monitoring device 1s configured to obtain data indicative of
the operation of the valve assembly.

In further accordance with any one or more of the
foregoing first, second, or third exemplary aspects, a valve
assembly and/or a mounting assembly may include any one
or more of the following further preferred forms.

In one preferred form, when the pressure in the container
1s less than a vacuum pressure threshold, such that vacuum
conditions exist in the storage container, the first closure
member sealingly contacts the first valve seat such that the
second port 1s closed and fluid flows in through the third
port, out of the first port, and 1nto the container. When the
pressure 1n the container 1s greater than an overpressure
threshold, such that over pressure conditions exist in the
storage container, the first closure member 1s spaced away
from the first valve seat such that the second port 1s open and
fluud flows out of the container, into the first port, and
through the second port.

In another preferred form, the body includes a second
valve seat disposed adjacent the third port, and the valve
assembly further includes a second control assembly. The
second control assembly includes a second valve stem and
a second closure element coupled to the second valve stem,




US 9,777,855 B2

3

the second closure member being movable relative to the
second valve seat 1n response to changes 1n pressure in the
container.

In another preferred form, when the pressure in the
container 1s less than a vacuum pressure threshold, such that
vacuum conditions exist in the storage container, the first
closure member sealingly contacts the first valve seat and
the second closure member moves away from the second
valve seat, such that the second port 1s closed, the third port
1s open, and flmd tlows in through the third port, out of the
first port, and into the container. When the pressure in the
container 1s greater than an overpressure threshold, such that
over pressure conditions exist 1n the storage container, the
second closure member sealingly contacts the second valve
seat and the first closure member 1s spaced away from the
first valve seat, such that the third port 1s closed, the second
port 1s open, and fluid flows out of the container, into the first
port, and through the second port.

In another preferred form, the valve assembly includes a
screen coupled to the body to fluidly couple the second port
to the atmosphere. When the pressure in the container 1s
greater than the overpressure threshold, fluid can flow out of
the container, ito the first port, through the second port, and
out of the valve assembly to the atmosphere via the screen.

In another preferred form, the valve assembly includes a
flange adapted to be coupled to a pipe to couple the second
port to downstream piping. When the pressure 1n the con-
tainer 1s greater than the overpressure threshold, fluid can
flow out of the container, into the first port, through the
second port, and out of the valve assembly to the down-
stream piping.

In another preferred form, the monitoring device 1s com-
municatively coupled to a wireless transmitter, which 1s
communicatively coupled to a controller remotely located
from the valve assembly. The monitoring device 1s config-
ured to transmit the obtained data to the controller via the
wireless transmutter.

In another preferred form, the monitoring device imncludes
a proximity switch disposed proximate to the first valve stem
and configured to obtain data indicative of the operation of
the first valve stem.

In another preferred form, the valve assembly includes a
hood coupled to the body. The mounting bracket 1s coupled
to a top portion of the hood.

In another preferred form, the hood defines an aperture
proximate to an upper end of the first valve stem. The
monitoring device 1s configured to be disposed in the
aperture proximate to the upper end of the first valve stem
and 1s configured to obtain data indicative of the position of
the first valve stem.

In another preferred form, the valve assembly includes a
mounting tube slidably disposed within the aperture of the
mounting bracket, the monitoring device being partially
disposed 1n the mounting tube.

In another preferred form, the second port 1s adapted to be
in fluid communication with the atmosphere, and the valve
assembly further includes a screen coupled the body to
fluidly couple the second port to the atmosphere. When the
pressure 1n the storage container i1s greater than the over-
pressure threshold, fluid can flow out of the container, into
the first port, through the second port, and out of the valve
assembly to the atmosphere via the screen.

In another preferred form, the second port 1s adapted to be
in fluild communication with the outlet connection, and the
valve assembly further includes a flange adapted to be
coupled to a pipe to couple the second port to downstream
piping. When the pressure 1n the container 1s greater than the
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overpressure threshold, fluid can tflow out of the container,
into the first port, through the second port, and out of the
valve assembly to the downstream piping.

In another preferred form, the monitoring device 1s com-
municatively coupled to a wireless transmitter, which 1s
communicatively coupled to a controller remotely located
from the valve assembly. The monitoring device 1s config-
ured to transmit the obtained data to the controller via the
wireless transmuitter.

In another preferred form, the monitoring device includes
a proximity switch disposed proximate to the first valve stem
and configured to obtain data indicative of the operation of
the first valve stem.

In another preferred form, the momtoring device 1s dis-
posed 1n the aperture proximate to an upper end of the first
valve stem or an upper end of the second valve stem. The
monitoring device 1s configured to obtain data indicative of
the position of the first valve stem or the second valve stem.

In another preferred form, the monitoring device and/or
the mounting tube 1s/are field removable.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts one example of a pressure vacuum relief
valve constructed 1n accordance with the principles of the
present 1nvention.

FIG. 2 1s cross-sectional view of the pressure vacuum
relief valve of FIG. 1.

FIG. 3 1s a partial cross-sectional view of a pressure relief
control assembly of the pressure vacuum relief valve of FIG.
1.

FIG. 4 1s a partial cross-sectional view of a vacuum relief
control assembly of the pressure vacuum relief valve of FIG.
1.

FIG. 5 1s a cross-sectional view of the pressure vacuum
relief valve of FIG. 1 when the pressure vacuum relief valve
1s providing vacuum relief to a storage container.

FIG. 6 1s a cross-sectional view of the pressure vacuum
relief valve of FIG. 1 when the pressure vacuum relief valve
1s providing pressure relief to the storage container.

FIG. 7 depicts a monitoring device that can be coupled to
the pressure vacuum relief valve of FIG. 1 via a mounting
assembly.

FIG. 8 depicts a mounting bracket of the mounting
assembly.

FIG. 9 depicts a mounting tube and mounting nut of the
mounting assembly.

FIG. 10 1illustrates the monitoring device of FIG. 7
coupled to the mounting tube of FIG. 9.

FIG. 11 1s a perspective view of the monitoring device of
FIG. 7 coupled to the pressure vacuum reliet valve of FIG.
1 via the mounting assembly illustrated 1n FIGS. 8 and 9.

FIG. 12 1s a close-up top view of the monitoring device
of FIG. 7 when coupled to the pressure vacuum relief valve
of FIG. 1 via the mounting assembly 1llustrated in FIGS. 8
and 9.

DETAILED DESCRIPTION

Although the following text sets forth a detailed descrip-
tion of one or more exemplary embodiments of the inven-
tion, 1t should be understood that the legal scope of the
invention 1s defined by the words of the claims set forth at
the end of this patent. Accordingly, the following detailed
description 1s to be construed as exemplary only and does
not describe every possible embodiment of the invention, as
describing every possible embodiment would be impracti-
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cal, if not impossible. Numerous alternative embodiments
could be implemented, using either current technology or
technology developed after the filing date of this patent. It 1s
envisioned that such alternative embodiments would still fall
within the scope of the claims defining the invention.

FIGS. 1-4 1llustrate one example of a pressure vacuum
relief valve 100 that can be installed on a storage container
(not shown) to provide the storage container with both
pressure relief and vacuum relief. The storage container can
be a storage tank, a storage vessel, a storage conduit, or other
container used to store oil, gas, water, or other products. As
noted above, the pressure within the storage container can
vary for any number of reasons.

The pressure vacuum relief valve 100, hereinafter the
PVRV 100, illustrated in FIGS. 1-4 1s manufactured by
Emerson Process Management and 1s configured for vent-
to-atmosphere applications. As illustrated in FIGS. 1 and 2,
the PVRV 100 includes a body 104 and first and second
flanges 106, 108 formed integrally with the body 104. The
first flange 106 faces upward (when viewed 1n FIGS. 1 and
2) and 1s for mating with the pressure relief control assem-
bly. The flange 108 faces downward (when viewed in FIGS.
1 and 2) and 1s for mating with the storage container, which
can be done via any known manner.

As best shown in FIG. 2, the body 104 has an internal
chamber 112 and defines three ports, a first port 114, a
second port 116, and a third port 118, as well as an orifice
120 formed 1 a top portion of the body 104 opposite the
third port 118. The first port 114 1s in fluid communication
with the interior of the storage container when the flange 108
1s mated with the storage container such that the PVRV 100
1s 1nstalled on the storage container. As such, the first port
114 can fluidly couple the interior of the storage container
with the internal chamber 112 of the body 104. The second
port 116 1s configured to be 1n fluid communication with the
atmosphere when the PVRV 100 provides the storage con-
tainer with pressure relief, as will be described 1n greater
detail below. The third port 118 1s configured to be 1n fluid
communication with the atmosphere when the PVRV 100
provides the storage container with vacuum reliet, as will be
described 1n greater detail below.

With reference still to FIG. 2, the PVRV 100 further
includes two control assemblies, a first control assembly 124
(also referred to herein as a pressure relief control assembly)
and a second control assembly 128 (also referred to herein
as a vacuum relief control assembly). The first and second
control assemblies 124, 128 are coupled to (and partially
disposed within) the body 104 and facilitate pressure relief
and vacuum reliet, respectively, when necessary.

As shown 1n FIGS. 2 and 3, the first control assembly 124
includes a shield 130, a first valve seat 132, a first closure
element 136, a first valve stem 140, and a hood 144. The
shield 130 1s defined by a cylindrical outer wall 148, a
bottom wall 150 that extends inward from a bottom of the
outer wall 148, and a curved inner wall 152 that extends
upward and inward from the bottom wall 150. The bottom
wall 150 1s seated on the flange 106 of the body 104, with
the walls 148 and 152 extending upward from the flange
106, as best illustrated in FIG. 3. The shield 130 also
includes a screen 153 that 1s integrally formed on an inward
side of the outer wall 148 and extends upward from the
bottom wall 150, terminating at an end 154 past or above the
outer wall 148. The screen 152 includes a plurality of holes
158, which serve to vent fluid from the storage container to
the atmosphere surrounding the first control assembly 124
when the PVRV 100 provides pressure relief to the storage
container.
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As shown 1n FIGS. 2 and 3, the first valve seat 132 1s
disposed within the shield 130 at a position adjacent to and
aligned with the second port 116, with the first valve seat 132
centered around or about a longitudinal axis 160 of the body
104. The first valve seat 132 has a substantially annularly
shaped body 161 defined by an outer wall 162, a tflanged
portion 164, and a cylindrical bore 166 formed through a
central portion of the body 161. The bore 166 1s aligned with
and extends along the longitudinal axis 160 of the body 104.
A recessed area (not shown) 1s formed 1n the flange portion
164, within which a gasket 170 1s disposed. As best seen 1n
FIG. 3, the first valve seat 132 1s retained 1n position via a
lip 171 of the inner wall 152, which extends inward of, and
interferingly engages, the flanged portion 164 of the first
valve seat 132.

With continued reference to FIGS. 2 and 3, the first
closure element 136 1s disposed within the shield 130 1n
alignment with the first valve seat 132. The first closure
clement 136 in this example takes the form of a pallet that
has a pallet disc 174 for sealingly engaging the first valve
seat 132. The first valve stem 140 1s integrally formed with
the first closure element 136 and has a lower portion 176
disposed below or under the pallet disc 174 and an upper
portion 178 disposed above the pallet disc 174. The upper
portion 178 terminates at an upper end 180.

As shown 1n FIGS. 2 and 3, the hood 144 1s seated or
disposed on top of or over the end 154 of the screen 153 of
the shield 130. The hood 144 1s defined by a body 184
substantially shaped like a trapezoid and a frustoconical
nose portion 188 that extends upward from the body 184.
The nose portion 188 defines a hollow interior or opening
192 that 1s si1zed to receive the first valve stem 140, thereby
permitting a pre-determined amount of movement of the first
closure element 136 and the first valve stem 140. In this way,
the nose portion 188 serves as a stop for the first valve stem
140, preventing any further upward movement of the first
valve stem 140 1n the event that the first valve stem 140 was
to contact the nose portion 188.

The components of the first control assembly 124 are
assembled and coupled to the body 104 via a guide assem-
bly. As shown 1n FIGS. 2 and 3, the guide assembly includes
four cylindrical guide rods 200, a guide plate 204, a guide
barrel 208, and two sets of nuts 212, 216. The guide rods 200
have a length that 1s longer than a length of the screen 153
and are oriented parallel to the longitudinal axis 160 and
disposed between the walls 148, 152 of the shield 130. A first
threaded end 220 of each guide rod 200 extends through and

out above a respective aperture 224 formed 1n the body 184
of the hood 144, while a second threaded end 222 of each

guide rod 200 extends through a respective aperture (not
visible 1n FIGS. 2 and 3) formed 1n the bottom wall 150 of
the shield 130 and extends through and out below a respec-
tive aperture 232 formed 1n the flange 106 of the body 104.
The guide plate 204 has a thin profile and 1s connected to and
extends between portions of the guide rods 200 adjacent the
hood 144. A circular aperture 234 1s formed in a central
portion of the guide plate 204 and 1s centered around or
about the longitudinal axis 160. The guide barrel 208 1is
defined by a body 236 and a central bore 240 formed through
the body 236. The body 236 has a first annular wall 244 and
a second annular wall 248. The diameter of the second
annular wall 248 1s smaller than the diameter of the circular
aperture 234 formed in the guide plate 204, while the
diameter of the first annular wall 244 1s slightly larger than
the diameter of the circular aperture 234, such that the first
annular wall 244 rests on, and the guide barrel 208 1is
retained by, the guide plate 204. As such, the central bore
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240 of the guide barrel 208 1s also centered around or about
the longitudinal axis 160, and the upper end 180 of the first
valve stem 140 1s movably disposed within the central bore
240. In turn, the nuts 212, which 1n this example are
wingnuts, are screwed onto the first ends 220 of the guide
rods 200, and the nuts 216 are screwed onto the second ends

222 of the guide rods 200; this secures the guide rods 200,
the guide plate 204, and the guide barrel 208 1n position. So
constructed, the first closure member 136 1s movable 1n a
rectilinear direction along the longitudinal axis 160 and
relative to the guide plate 204, the guide barrel 208, and first
valve seat 132 to control the flow of fluid through the second
port 116.

As shown 1n FIGS. 2 and 4, the second control assembly
128 includes a second valve seat 232, a lid 234, a second
closure element 236, and a second valve stem 240. The
second valve seat 232 1s identical to the first valve seat 132,
with common components indicated by similar reference
numerals, but 1s coupled to the body 104 at a position
adjacent and partially within the third port 116, with the
second valve seat 232 centered around or about a longitu-
dinal axis 244 of the body 104. Thus, the bore 266 formed
through a central portion of the second valve seat 232 1s
aligned with and extends along the longitudinal axis 244 of
the body 104. As best shown 1n FIG. 4, the first valve seat
232 1s retained 1n position via a lip 248 of the body 104,
which extends inward of, and interferingly engages, the
flanged portion 264 of the second valve seat 232.

With continued reference to FIGS. 2 and 4, the lid 234 1s
coupled to a top portion of the body 104, via a plurality of
fasteners (not shown), 1n and/or covering the orifice 120 of
the body 104. The 1id 234 includes a cylindrical body 274
and a centrally located nose portion 278 that extends upward
from the cylindrical body 274. A cylindrical bore 280 1is
formed 1n the nose portion 278 and i1s aligned with and
extends along the longitudinal axis 244 of the body 104.
Though not illustrated 1n FIGS. 2 and 4, a circular aperture
1s formed 1n a circumierential wall 282 of the nose portion
278. The circular aperture 1s sized to receive a monitoring
device, as will be described.

With continued reference to FIGS. 2 and 4, the second
closure element 236 and the second valve stem 240 are
disposed within the body 104 in alignment with the second
valve seat 232. The second closure element 236, like the first
closure element 136, takes the form of a pallet that has a
pallet disc 284 for sealingly engaging the second valve seat
232. The second valve stem 240 1s integrally formed with the
second closure element 236 and has a lower portion 288
disposed below or under the pallet disc 284 and an upper
portion 292 disposed above the pallet disc 284. The upper
portion 292 terminates at an upper end 296, which 1s
movably disposed within the bore 280 formed 1n the lid 234.
So configured, the second closure element 236 1s movable 1n
a rectilinear direction along the longitudinal axis 244 and
relative to the second valve seat 182 to control the flow of
fluid through the third port 116.

As shown 1 FIGS. 2 and 4, the second control assembly
128 can also include a barrier 300 configured to keep objects
out of the PVRV 100. The barrier 300 1n this example 1s a
wire mesh screen, but can 1n other examples be some other
type of barner (e.g., a gate, another type of screen). The
barrier 300 1s seated within a narrow retaining slit 304
formed 1 a bottom portion of the body 104 below the
second valve seat 236. Accordingly, the barrier 300 serves to
separate the second valve seat 236 and the interior chamber
112 from objects 1n the atmosphere adjacent the PVRV 100.
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Upon mitial installation of the PVRV 100, and so long as
the internal pressure within the storage container 1s within a
normal range (1.¢., the internal pressure 1s above a minimum
or vacuum pressure threshold and 1s below a maximum
pressure threshold or design set point), such that pressure or
vacuum relief 1s not needed, the PVRYV 100 1s passive. When
the PVRV 100 1s passive, the first closure element 136,
particularly the pallet disc 174, sealingly contacts the first
valve seat 132, and the second closure element 236, par-
ticularly the pallet disc 284, sealingly contacts the second
valve seat 182, as illustrated in FIG. 2. This prevents any
fluid from flowing through the second port 112 or the third
port 116, thereby maintaining the internal pressure within
the storage container substantially unchanged.

When, however, the internal pressure within the storage
container falls outside of the normal range, the PVRV 100 1s
configured to activate and provide pressure or vacuum reliet,
thereby returning the internal pressure back to a pressure
within the normal range. This 1s because the first control
assembly 124, particularly the first closure element 136, and
the second control assembly 128, particularly the second
closure element 186, are movable responsive to increases or
decreases 1n pressure in the storage container outside of the
normal range.

More specifically, when the internal pressure within the
storage container falls below the minimum or vacuum
pressure threshold (e.g., the value of the atmospheric pres-
sure surrounding the storage container), which may, for
example, occur during cold weather, the PVRV 100 1s
configured to provide vacuum reliet, as illustrated 1n FIG. 5.
The mternal chamber 112 of the PVRV 100, by being 1n fluid
communication with the interior of the storage container,
senses this pressure decrease. As illustrated i FIG. 5,
because the pressure within the third port 118 (which 1s the
same as the atmospheric pressure) will be greater than the
pressure sensed by the internal chamber 112, the second
closure element 236 and the second valve stem 240 move
upward, or away from the second valve seat 232, breaking
the seal between the second closure element 236 and the
second valve seat 232. Fluid (e.g., atmospheric air) can thus
flow 1n through the barrier 300, through the open third port
118 and hollow portions of the body 261 of the second valve
seat 232 into the internal chamber 112, out of the first port
114, and into the interior of the storage container (not
shown), thereby relieving the vacuum buildup within the
storage container and preventing damage to the storage
container. When the vacuum buildup within the storage
container has been totally relieved (1.e., when the internal
pressure within the storage container rises above the mini-
mum pressure threshold), the second closure element 236
falls back downward or toward, and into sealing contact
with, the second valve seat 232.

On the other hand, when the internal pressure within the
storage container rises above the maximum pressure thresh-
old (e.g., a pre-determined safety set point for the storage
container), which may, for example, occur during warm
weather, the PVRV 100 1s configured to provide pressure
reliet, as illustrated 1n FIG. 6. The internal chamber 112 of
the PVRV 100, by being in flmmd communication with the
interior ol the storage container, senses this pressure
increase. As 1llustrated i FIG. 6, because the pressure
sensed by the internal chamber 112 1s greater than the
pressure above the first closure element 136 (which 1s the
same as atmospheric pressure because of the screen 153), the
first closure element 136 and the first valve stem 140 move
upward, or away from the first valve seat 132, breaking the
seal between the first closure element 136 and the first valve
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seat 132. Fluid (e.g., vapors) can thus tlow out of the storage
container, into and through the first port 108, upward
through the internal chamber 112, and through the open
second port 116 and hollow portions of the body 161 of the
first valve seat 132. The fluid can then be vented to the
surrounding atmosphere by the screen 153 via the holes 158,
thereby relieving the pressure buildup within the storage
container and preventing damage to the storage container.
When the pressure buildup within the storage container has
been totally relieved (1.e., when the internal pressure within
the storage container falls below the maximum pressure
threshold), the first closure element 136 falls back down-
ward or toward, and into sealing contact with, the first valve
seat 132.

It will of course be appreciated that the PVRV 100 can
vary and still fall within the intended scope of the present
disclosure. While the PVRV 100 1s configured for vent-to-
atmosphere applications, the PVRV 100 can instead be
configured for pipe-away applications. In other examples,
the body 104 can be constructed diflerently. For example,
the size and/or shape of the body 104 can vary, the body 104,
the ports 114, 116, and 118 can be arranged diflerently,
and/or the body 104 can include an additional flange for fluid
connection with a pipe or other outlet connection (e.g., when
the PVRV 100 1s configured for pipe-away applications).
The first and/or second control assemblies 124, 128 can also
vary. If desired, the valve seats 132, 232 can vary 1n shape
and/or size and/or can be retained within the body 104 1n a
different manner (e.g., by a different component). Moreover,
the closure elements 136, 236 can vary in shape and/or size
and/or can take the form of a plug, disk, or other suitable
closure element. The valve stems 140, 240 can vary 1n shape
and/or size and/or need not be integrally formed with the
closure elements 136, 236. When the PVRV 100 1s config-
ured to pipe-away applications, the PVRV 100 need not
include the shield 130, particularly the screen 133, as the
PVRV 100 would no longer vent air to atmosphere. The
components of the first and second control assemblies 124,
128 can also be coupled to one another and/or to the body
104 1n a different manner. Further yet, it will be appreciated
that pressure relief and vacuum relief can be accomplished
in a different manner than described. For example, pressure
relief and vacuum relief can be accomplished using only one
control assembly instead of two separate control assemblies
124, 128 as 1llustrated herein.

As described above, pressure vacuum relief valves, such
as the PVRV 100, are installed on top of storage containers,
and are therefore diflicult to access and momnitor while 1n
operation, which can lead to a whole host of problems.
Accordingly, the present disclosure provides a monitoring,
device that can be coupled to the PVRV 100 to monitor the
operation of the PVRV 100. The monitoring device dis-
closed herein 1s operably and removably coupled to the body
104 of the PVRV 100 via a mounting assembly (e.g., a tube
and bracket assembly). In turn, the monitoring device can
obtain data associated with the operation of the PVRV 100.
Specifically, the monitoring device can obtain data indica-
tive of the usage of the PVRV 100, such as, for example, data
indicative of whether the PVRV 100 1s open (1.e., providing
reliel) or closed, the degree that the PVRV 100 1s open or
closed, how often the state of the PVRV 100 changes
(between being open and closed), the amount of fluid
flowing through the PVRV 100, the noise due to the PVRV
100, and/or any other data that may be useful 1n analyzing
the PVRV 100. The momtoring device, which 1s preferably
coupled to a process control network (e.g., a remotely
located controller for a process control network) via a wired
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and/or wireless coupling (e.g., a wireless transmitter), can
transmit the obtained data to and/or receive data (e.g.,
operational 1nstructions) from the process control network
(e.g., the remotely located controller) via the coupling. This
allows the PVRV 100 to be remotely monitored by the
process controller and/or operators within the process con-
trol network.

FIG. 7 depicts an exemplary monitoring device 320
constructed in accordance with the present disclosure. In this
example, the monitoring device 320 1s a proximity switch
(e.g., a TopWorx® GO Switch) that has a threaded first end
324 and a second end 328 disposed opposite the first end
324. The monitoring device 320 includes a conduit 332 that
extends outward from the second end 328 and 1s fed to a
wireless transmitter 336, such as the Rosemount 702 Wire-
less Discrete Transmitter, that 1s communicatively con-
nected to the process control network. The wireless trans-
mitter 336 can also be coupled to the PVRV 100 or can be
coupled to the storage container or some other component 1n
the process control environment. Alternatively, the conduit
332 can be commumicatively connected to the process
control network in a different manner (e.g., via a different
wireless coupling and/or via a wired coupling).

The proximity switch 320 i1s generally configured to
detect targets (e.g., magnets) that are coupled to an object
(e.g., a valve stem) to determine one or more operational
parameters of the object, such as the position of the valve
stem. In this example, the proximity switch 320 1s config-
ured to detect a target (e.g., a magnet) coupled to the first
valve stem 140 or the second valve stem 240 to determine
the position of the valve stem 140, 240. In turn, the prox-
imity switch 320 can transmit, via the conduit 332, any
obtained data to the wireless transmitter 336 for distribution
to the process control network (e.g., to a remotely located
controller). The proximity switch 320 can likewise receive
data (e.g., instructions) from the wireless transmitter via the
conduit 332.

In other examples, the proximity switch 320 can be
configured to detect a target coupled to a different portion of
the PVRV 100 (e.g., a different portion of the first control
assembly 124 or the second control assembly 128) to
determine similar or different operational parameters (e.g.,
the position of the closure element 136, 236). The monitor-
ing device 320 can also take the form of a different switch
(e.g., a limit switch), a sensor (e.g., a flow sensor, a noise
sensor, an optical sensor, an ultrasonic sensor), or another
type ol device suitable for monitoring the operation of
components 1 a process control environment. When the
monitoring device 320 takes on a diflerent form, the moni-
toring device 320 can obtain similar or different data (e.g.,
flow data, noise data, etc.) indicative of the operation of the
PVRYV 100, thereby allowing similar or different operational
aspects of the PVRV 100 to be remotely monitored.

FIGS. 8 and 9 depict components of an exemplary mount-
ing assembly 350 that can be used to couple the monitoring
device 320 to the PVRV 100. In this example, the mounting
assembly 350 1s a tube and bracket assembly that can be
used to couple the monitoring device 320 to the hood 144 of
the PVRV 100. The mounting assembly 3350 includes a
mounting bracket 354, a tube 358, and a nut 362. As
illustrated in FIG. 8, the mounting bracket 354 has a body
366 and three apertures 370, 374, and 378 formed 1n the
body 366. The body 366 in this example has the shape of a
cuboid or a rectangular prism (or a rectangle, when viewed
in cross-section). The first aperture 370 1s a U-shaped
aperture that extends through a central portion of the body
366 1n a transverse direction. The first aperture 370 1s si1zed
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to receive the tube 358 therein, as will be described. The
second and third apertures 374, 378 are cylindrically shaped
apertures that extend through the body 366 1n a longitudinal
direction (perpendicular to the transverse direction) at or
proximate to respective ends 382 of the body 366. The
second and third apertures 374, 378 are sized to receive the
guide rods 200 of the PVRV 100 so as to facilitate the
attachment of the mounting bracket 354 to the body 104 of
the PVRV 100, as will be described.

As 1llustrated 1n FIG. 9, the tube 358 has a body 386
having a cylindrical shape and defining a first end 387 and
a second end 388 opposite the first end 387. The body 386
defines or includes a hollow interior 389 (not particularly
visible 1 FIG. 9) that 1s sized to receive the monitoring
device 320, as will be described. As also 1illustrated 1n FIG.
9, the nut 362 1n this example has a hexagonal body 390 and
a circular aperture 394 formed or defined 1n the body 390.
The circular aperture 394 has a diameter that 1s larger than
the hollow interior of the tube body 386 and is sized to
receive the threaded end 324 of the momitoring device 320,
as will be described. The nut 362 can facilitate the coupling
of the monitoring device 320 with the tube 358, as will also
be described.

In other examples, the mounting assembly 350 can vary
and still fall within the intended scope of the present
disclosure. The mounting bracket 354 can have a different
shape (e.g., a cylindrical shape) and/or can have a different
size. The tube 358 can have a different shape (e.g., a
rectangular shape) and/or can have a different size. For
example, the tube 358 can define a smaller or larger hollow
interior 389 (e.g., to accommodate a different sized or
shaped monitoring device 320) and/or can have a different
length (e.g., can be shorter or longer), depending on the
desired application. When the tube 358 varies 1n shape
and/or size, the first aperture 370 of the mounting bracket
354 can similarly vary in shape and/or size.

FI1G. 10 1llustrates the monitoring device 320 coupled to
the tube 358. As 1llustrated in FIG. 10, the monitoring device
320 1s disposed within the tube 338 such that the first end
324 of the monitoring device 320 extends outward of the
first end 387 of the tube 358 (i.¢., 1s exposed), the second end
328 of the monitoring device 320 1s substantially, if not
entirely, disposed within the tube 358, and the conduit 332
extends outward from the second end 388 of the tube 358
(for connection to the wireless transmitter 336). The nut 362
1s screwed onto the threaded end 324 of the monitoring
device 320 and secures the monitoring device 320 in the
described position.

FIGS. 11 and 12 illustrate the mounting assembly 3350 as
tully assembled and used to operably couple the monitoring
device 320 to the first valve stem 140 of the PVRV 100
Although not discussed above, an opening 192 i1s formed in
a circumierential wall 191 of the nose portion 188 (see FIG.
2) equidistant between two of the guide rods 200. As best
shown 1n FIG. 12, the mounting bracket 354 1s coupled to
the hood 144 so that the bracket 354 i1s proximate to and
aligned with this opeming 192. More specifically, the first
end 220 of each of the two guide rods 200 most proximate
to the opening 192 (formed in the nose portion 188) 1s
disposed through and out of a respective one of the second
and third apertures 374, 378 of the bracket 354, such that the
U-shaped aperture 370 of the bracket 354 1s aligned with the
opening 192. The nuts 212, which are screwed onto the first
ends 220 of each of the guide rods 200, secure the mounting
bracket 354 in the desired position.

It will be appreciated that the bracket 354 can be coupled
to the hood 144 before or after the monitoring device 320 1s
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disposed within the tube 358. Regardless, when the bracket
354 1s coupled to the hood 144 and the monitoring device
320 1s disposed within the tube 358, the tube 358, which
carries the monitoring device 320, 1s slidably coupled to the
mounting bracket 354. More specifically, the tube 358 1s
inserted mnto and through the aperture 370 of the bracket
354. The first end 387 of the tube 3358 1s mserted into the
opening 192 formed 1n the hood 144, such that the first end
324 of the monitoring device 320 1s disposed proximate to
the upper end 180 of the first valve stem 140. It will be
appreciated that the position of the tube 338, and thus the
monitoring device 320, can be adjusted, relative to the upper
end 180 of the first valve stem 140 and the mounting bracket
354 by sliding the tube 358 toward or away from the upper
end 180 of the first valve stem 140. This facilitates an easily
and field adjustable monitoring device 320.

In other examples, the mounting bracket 354 can be
coupled to the hood 144 in a different manner (e.g., via a
magnetic connection). The tube 358 can also be coupled to
the mounting bracket 354 1n a different manner (e.g., via a
hook and latch mechanism, via a magnetic connection).
Moreover, the mounting assembly 350 can instead be used
to operably couple the monitoring device 320 to a diflerent
portion of the first control assembly 124, to the second
control assembly 128 (e.g., to the second valve stem 240 of
the PVRV 100), or to another portion of the PVRV 100. To
this end, the mounting bracket 354 can be secured to a
different portion of the PVRV 100, such as, for example,
within the PVRV 100, to the lid 234 of the second control
assembly 128, or to some other component. Moreover, two
mounting assemblies 350 can be used to operably couple
two monitoring devices 320 to the body 104 of the PVRYV,
For example, one mounting assembly 350 can be used to
operably couple one monitoring device 320 to the first valve
stem 140, while another mounting assembly 350 can be used
to operably couple another monitoring device 320 to the
second valve stem 240.

It should be appreciated that the monitoring device 320
and the components of the mounting assembly 350 are field
removable and replaceable. For example, the mounting tube
358 can be quickly and easily removed and replaced with a
new mounting tube 358. Moreover, it should also be appre-
ciated that existing pressure vacuum relief valves can be
retrofitted to include the monitoring device 320 via the
mounting assembly 350. Finally, 1t should be appreciated
that the mounting assembly 350 can be used 1n connection
with pressure vacuum relief valves other than the PVRV
100, thereby allowing the monitoring device 320 or other
monitoring devices to be used 1n connection other pressure
vacuum relief valves. For example, the mounting assembly
350 can be used 1n connection with other pressure vacuum
reliel valves manufactured by Emerson Process Manage-
ment, such as, for example, the ENARDO Series 800-SO
pressure vacuum vent, the ENARDO Series 900-SO pres-
sure vacuum vent, the ENARDO Series ES-900-SO pressure
vacuum vent, the ENARDO Series ES-900-SO pressure
vacuum vent, the ENARDO Series 4350 pressure vacuum
relief valve, the ENARDO Series 530 pressure vacuum
relief valve, the ENARDO Series 850 pressure vacuum
relief valve, the ENARDO Series 850/MVC pressure
vacuum relief valve, the ENARDO Series 860 vacuum relief
valve, and the ENARDO Series 960 vacuum relief valve.
The mounting assembly 350 can be coupled to other pres-
sure vacuum relief valves 1n a similar manner (e.g., using
guide rods of those valves) or 1n a diflerent manner.

With the monitoring device 320 arranged 1n the described
manner, the monitoring device 320, which in this example 1s
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a proximity switch, can detect a target (e.g., a magnet)
coupled to the first valve stem 140 (e.g., the upper end 180)
to monitor the position of the first valve stem 140. Accord-
ingly, the monitoring device 320 can detect when the PVRV
100, particularly the pressure relief assembly 124, 1s open or
closed, as well the degree to which the PVRV 100, particu-
larly the pressure relief assembly 124, 1s open or closed. For
example, when the PVRV 100 provides pressure relief to the
storage container, such that the first closure element 136 and
the first valve stem 140 move upward, or away from the first
valve seat 132 (see FIG. 6), the monitoring device 320, by
virtue of being disposed proximate to the upper end 180 of
the first valve stem 140, can detect this movement and the
degree of this movement. Likewise, when the PVRV 100 has
relieved the storage container, such that the first closure
clement 136 and the first valve stem 140 fall back to their
initial positions (see FIG. 2), the monitoring device 320 can
detect this movement and the degree of this movement.

With reference still to FIGS. 11 and 12, the PVRV 100 1n

this example includes another monitoring device 400 that 1s
identical to the monitoring device 320 (with common com-
ponents indicated by similar reference numerals), but 1s
coupled to the lid 234 of the second control assembly 128
without the help of a mounting assembly 350. Instead, the
threaded end 404 of the mounting device 400 1s inserted 1nto
and through an aperture (not shown) formed in the nose
portion 278 of the I1id 234, such that the threaded end 404 of
the mounting device 400 1s disposed proximate, and 1s
operably coupled, to the upper end 296 of the second valve
stem 240. So arranged, the monitoring device 400, which 1n
this example 1s also a proximity switch, can detect a target
(e.g., a magnet) coupled to the second valve stem 240 (e.g.,
the upper end 296) to momtor the position of the second
valve stem 240. Accordingly, the monitoring device 400 can
detect when the PVRV 100, particularly the vacuum relief
assembly 128, 1s open or closed, as well the degree to which
the PVRV 100, particularly the vacuum relief assembly 128,
1s open or closed. For example, when the PVRV 100
provides vacuum relief to the storage container, such that the
second closure element 236 and the second valve stem 240
move upward, or away from the first valve seat 232 (see
FIG. 5), the monitoring device 400, by virtue of being
disposed proximate to the upper end 296 of the second valve
stem 240, can detect this movement and the degree of this
movement. Likewise, when the PVRV 100 has relieved the
storage container, such that the second closure element 236
and the second valve stem 240 fall back to their initial
positions (see FIG. 2), the monitoring device 400 can detect
this movement and the degree of this movement.
In other examples, the monitoring device 400 can be a
different momitoring device (e.g., a limit switch, a tlow
sensor, a noise sensor, etc.). When the monitoring device
400 takes on a different form, the monitoring device 400 can
obtain similar or different data (e.g., flow data, noise data,
ctc.) mdicative of the operation of the PVRV 100. In other
examples, the monitoring device 400 can be operably
coupled to the second valve stem 240 using the mounting
assembly 350 or another mounting assembly. Alternatively,
the PVRV 100 need not include the monitoring device 400
(1.e., the PVRV 100 can only include the momtoring device
300 and/or different monitoring devices).

The monitoring device 320 can transmit any obtained data
to the wireless transmitter (or other coupling) via the conduit
332. In this example, the monitoring device 320 can transmit
data indicative of the position of the first valve stem 140 to
the wireless transmitter 336. Similarly, the monitoring
device 400 can, via the condut 432, transmit any obtained
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data to the wireless transmitter 336. In this example, the
monitoring device 400 can transmit data indicative of the
position of the second valve stem 240 to the wireless
transmitter 336. In other examples, the monitoring device
320 and/or the monitoring device 400 can transmit other
data indicative of the operation of the PVRV 100, such as,
for example, data indicative of the amount of fluid flowing
through the PVRV 100, the noise due to the PVRV 100,
emissions released by the PVRV 100, or any other data, to
the wireless transmitter 336.

The wireless transmitter 336 can, when desired, transmit
any obtained data to a remotely located process controller of
the process control network. The process controller, which
may be, by way of example, a DeltaV™ controller sold by
Emerson Process Management, can thus remotely monitor
the operation of the PVRV 100. More specifically, the
process controller, as well as any users of the process
controller, can remotely and readily determine whether the
PVRV 100 1s open or closed, the degree to which the PVRV
100 1s open or closed, how often the PVRV 100 opens or
closes, as well as other operational information.

The process controller, and/or users of the process con-
troller, can also analyze (e.g., aggregate, sum, integrate,
compare) the data, as well as any other data obtained from
components 1n the process control network, to assess the
diagnostics of the PVRV 100 (e.g., assess whether the PVRV
100 1s the appropriate size, 1s operating, properly, 1s 1n need
of maintenance, etc.). For example, 11 1t 1s determined (by
the process controller and/or the users of the controller) that
the PVRV 100 1s open (1.¢., providing relief) 100% of the
time, 1t can be determined that the PVRV 100 1s not the
proper size for the storage container. As another example, 1T
it 1s determined that the PVRV 100 1s constantly operating
in the so-called “flutter zone™ (1.e., it 1s frequently, 1 not
constantly, oscillating), it can be determined that the PVRV
100 1s not the proper size for the storage container. As yet
another example, 11 the storage container 1s being filled or
drained, but the data obtained from the PVRV 100 does not
indicate any state change (e.g., any change in the position of
the valve stem 140 or the valve stem 240), it may be
determined that the storage container should be shut down
for safety reasons. As a further example, the total amount of
venting and/or emissions can be determined based on the
obtained data (e.g., by integrating the position data).

Based on the foregoing description, 1t should be appreci-
ated that the devices, systems, and methods described herein
provide a mounting assembly for coupling a monitoring
device to a pressure vacuum reliel valve, such that the
pressure vacuum relief valve can be remotely monitored.
Accordingly, it 1s possible to remotely determine whether
the pressure vacuum relief valve 1s operating properly,
whether the pressure vacuum relief 1s the appropriate size,
and whether the pressure vacuum relief valve 1s causing
unacceptable product loss and/or undesirable emissions
(e.g., a high level of emissions, emissions that are odorous,
explosive, and/or toxic). In turn, this will enhance the satety
of the pressure vacuum relief valve and provide environ-
mental (emissions) control.

While certain representative embodiments and details
have been shown for purposes of illustrating the invention,
it will be apparent to those skilled in the art that various
changes 1n the methods and apparatus disclosed herein may
be made without departing from the scope of the invention.

The mvention claimed 1s:

1. A valve assembly adapted to be coupled to a storage
container to relieve vacuum and over pressure conditions n
the storage container, the valve assembly comprising:
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a body having a first port, a second port, and a third port,
the first port adapted to be in fluid communication with
the storage container, the body including a first valve
seat disposed adjacent the second port;

a first control assembly comprising a first valve stem and
a first closure element coupled to the first valve stem,
the first closure member being movable relative to the
first valve seat 1n response to changes 1n pressure 1n the
container:;

a cover coupled to the body;

a mounting bracket coupled to a portion of the cover, the
mounting bracket having a bracket body and a mount-
ing aperture extending through the bracket body; and

a monitoring device disposed within the mounting aper-
ture of the mounting bracket and disposed within an
aperture formed 1n the cover such that the monitoring
device 1s disposed proximate to a portion of the first
control assembly, the monitoring device being config-
ured to obtain data indicative of the operation of the
valve assembly.

2. The valve assembly of claim 1, wherein when the
pressure 1n the container i1s less than a vacuum pressure
threshold, such that vacuum conditions exist in the storage
container, the first closure member sealingly contacts the
first valve seat such that the second port 1s closed and fluid
flows 1n through the third port, out of the first port, and nto
the container, and wherein when the pressure in the con-
tainer 1s greater than an overpressure threshold, such that
over pressure conditions exist 1in the storage container, the
first closure member 1s spaced away from the first valve seat
such that the second port 1s open and fluid flows out of the
container, into the first port, and through the second port.

3. The valve assembly of claim 1, wherein the body
includes a second valve seat disposed adjacent the third port,
the valve assembly further comprising: a second control
assembly comprising a second valve stem and a second
closure element coupled to the second valve stem, the
second closure member being movable relative to the second
valve seat in response to changes 1n pressure i the con-
tainer.

4. The valve assembly of claim 3, wherein when the
pressure 1n the container is less than a vacuum pressure
threshold, such that vacuum conditions exist in the storage
container, the first closure member sealingly contacts the
first valve seat and the second closure member 1s spaced
away from the second valve seat, such that the second port
1s closed, the third port 1s open, and fluid flows 1n through
the third port, out of the first port, and 1nto the container, and
wherein when the pressure 1n the container 1s greater than an
overpressure threshold, such that over pressure conditions
exist 1n the storage container, the second closure member
sealingly contacts the second valve seat and the first closure
member 15 spaced away from the first valve seat, such that
the third port 1s closed, the second port 1s open, and fluid
flows out of the container, into the first port, and through the
second port.

5. The valve assembly of claim 4, further comprising a
screen coupled the body to fluidly couple the second port to
the atmosphere, wherein when the pressure 1n the container
1s greater than the overpressure threshold, fluid can flow out
of the container, into the first port, through the second port,
and out of the valve assembly to the atmosphere via the
screen.

6. The valve assembly of claim 1, wherein the monitoring
device 1s communicatively coupled to a wireless transmutter,
the wireless transmitter communicatively coupled to a con-
troller remotely located from the valve assembly, the moni-
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toring device configured to transmit the obtained data to the
controller via the wireless transmitter.

7. The valve assembly of claim 1, wherein the momitoring,
device comprises a proximity switch disposed proximate to
the first valve stem and configured to obtain data indicative
of the operation of the first valve stem.

8. The valve assembly of claim 1, wherein the cover
comprises a hood, the mounting bracket being coupled to a
top portion of the hood.

9. The valve assembly of claam 8, wherein the hood
includes the aperture, the aperture arranged proximate to an
upper end of the first valve stem, the monitoring device
configured to be disposed in the aperture of the hood
proximate to the upper end of the first valve stem and
configured to obtain data indicative of the position of the
first valve stem.

10. The valve assembly of claim 1, further comprising a
mounting tube slidably disposed within the aperture of the
mounting bracket, the monitoring device being partially
disposed in the mounting tube.

11. A valve assembly adapted to be coupled to a storage
container to relieve vacuum and over pressure conditions n
the storage container, the valve assembly comprising:

a body having a first port, a second port, and a third port,
the first port adapted to be in fluid communication with
the storage container, the second port adapted to be 1n
fluiad communication with the atmosphere or an outlet
connection, the third port adapted to be 1n fluid com-
munication with the atmosphere, the body including a
first valve seat disposed adjacent the second port and a
second valve seat adjacent the third port;

a {irst control assembly comprising a first valve stem and
a first closure element coupled to the first valve stem,
the first closure member being movable relative to the
first valve seat to relieve over pressure in the storage
container:;

a second control assembly comprising a second valve
stem and a second closure member coupled to the
second valve stem, the second closure member being
movable relative to the second valve seat to relieve a
vacuum pressure in the storage container;

a cover coupled to the body;

a mounting bracket coupled to a portion of the cover, the
mounting bracket having a bracket body and a mount-
ing aperture extending through the bracket body; and

a monitoring device slidably disposed within the mount-
ing aperture of the mounting bracket and disposed
within an aperture formed 1n the cover such that the
monitoring device 1s disposed proximate to a portion of
the first or second control assembly, the monitoring
device being configured to obtain data indicative of the
operation of the valve assembly.

12. The valve assembly of claim 11, wherein when the
pressure 1n the storage container i1s less than a vacuum
pressure threshold, such that vacuum conditions exist in the
storage container, the first closure member sealingly con-
tacts the first valve seat and the second closure member 1s
spaced away from the second valve seat, such that the
second port 1s closed, the third port 1s open, and flmd flows
in through the third port, out of the first port, and into the
container, and wherein when the pressure 1n the storage
container 1s greater than an overpressure threshold, such that
over pressure conditions exist 1n the storage container, the
second closure member sealingly contacts the second valve
seat and the first closure member 1s spaced away from the
first valve seat, such that the third port 1s closed, the second
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port 1s open, and fluid flows out of the container, into the first
port, and through the second port.

13. The valve assembly of claim 11, wherein the second
port 1s adapted to be 1in fluild communication with the
atmosphere, the valve assembly further comprising a screen
coupled the body to fluidly couple the second port to the
atmosphere, wherein when the pressure 1n the storage con-
tainer 1s greater than the overpressure threshold, fluid can
flow out of the container, into the first port, through the

second port, and out of the valve assembly to the atmosphere
via the screen.

14. The valve assembly of claim 11, wherein the moni-
toring device 1s communicatively coupled to a wireless
transmitter, the wireless {transmitter communicatively
coupled to a controller remotely located from the valve
assembly, the monitoring device configured to transmit the
obtained data to the controller via the wireless transmaitter.

10
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15. The valve assembly of claim 11, wherein the moni-
toring device comprises a proximity switch disposed proxi-
mate to the first valve stem and configured to obtain data
indicative of the operation of the first valve stem.

16. The valve assembly of claim 11, wherein the moni-
toring device 1s disposed in the mounting aperture proximate
to an upper end of the first valve stem or an upper end of the
second valve stem, the monitoring device configured to
obtain data indicative of the position of the first valve stem
or the second valve stem.

17. The valve assembly of claim 11, further comprising a
mounting tube slidably disposed within the mounting aper-
ture of the mounting bracket, the monitoring device being
partially disposed 1n the mounting tube.

18. The valve assembly of claim 11, wherein the moni-
toring device 1s field removable.
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. 9,777,855 B2
APPLICATION NO. - 14/931521
DATED : October 3, 2017

INVENTORC(S) . James Myers et al.

Page 1 of 1

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

In the Specification
At Column 4, Line 27, “1s cross-sectional” should be -- 1s a cross-sectional --.
At Column 5, Line 63, “screen 152" should be -- screen 153 --.

At Column 7, Line 21, “third port 116,” should be -- third port 118, --.

At Column 7, Lines 26-27, “first valve seat 232" should be -- second valve seat 132 --.

At Column 7, Line 57, “third port 116.” should be -- third port 118. --.

At Column 7, Line 65, “second valve seat 236.” should be -- second valve seat 232. --.

At Column 7, Line 66, “second valve seat 236 should be -- second valve seat 232 --.
At Column §, Line 12, “second port 1127 should be -- second port 116 --.

At Column 8, Lines 12-13, “third port 116,” should be -- third port 118, --.

At Column 9, Line 2, “first port 108,” should be -- first port 114, --.

At Column 13, Line 25, “mounting device™ should be -- monitoring device --.

At Column 13, Line 28, “mounting device™ should be -- monitoring device --.

At Column 13, Line 41, “first valve seat 232" should be -- second valve seat 232 --.

Signed and Sealed this
Third Day of July, 2018

Andre1 Iancu
Director of the United States Patent and Trademark Office
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